A non-destructive method of collecting samples for DNA analysis of the Chinese giant salamander is described and validated. DNA was extracted from the skin secretion and shedding using a Chelex-based method, and partial 12S rRNA gene sequences were amplifi ed and sequenced. Sequences from skin secretion and shedding were cross-checked against the reported sequences from liver and were found to be identical. This method provides a non-destructive way of carrying out larger studies of the genetics of rare amphibians and may be of general use for genetic-based fi eld studies of amphibians.
Introduction
The Chinese giant salamander (Andrias davidianus), belonging to the family Cryptobranchidae (Amphibia, Urodela), is the largest amphibian species in the world. This family has a combined Asian/North American distribution but contains only three species, Andrias davidianus in China, Andrias japonicus in Japan, and Cryptobranchus alleganiensis in North America (Zhang et al., 2003) . The range of A. davidianus has been greatly diminished, and the population size has declined sharply in the past two decades. This decline is largely due to the loss of its primary habitat and human consumption (Fu, 1993) . The Chinese giant salamander has been under state protection since 1973, and is currently listed as a State Special Protected Animal (category II) under the Chinese Conservation Law and in Appendix I of CITES (Dai et al., 2010) . As a measure of conservation, at least three programs are ongoing in the Zhang Jiajie National Giant Salamander Reserve of Hunan Province, Hanzhong Giant Salamander Reserve of Shanxi Province, and Zunyi National Giant Salamander Reserve of Guizhou Province, respectively (Luo et al., 2009) .
Glands in the skin can produce secretions when an amphibian is provoked. The introduction of a non-invasive, mild, transdermal, electrical stimulation technique revolutionized sample acquisition (Tyler et al., 1992) . In fact, the genetic variability among Chinese giant salamanders has previously been studied with liver, skeletal muscle, heart, and tissue samples, respectively, from sacrifi ced animals (Murphy et al., 2000) . Like all amphibians, A. davidianus shed their skin as they grow, more often when young and about once a month when grown (Vitt and Caldwell, 2008) .
Here we describe the identifi cation and isolation of genomic DNA, and present the partial sequences of 12S ribosomal RNA genes from the skin secretion and shedding of the Chinese giant salamander (Andrias davidianus). As the technique can be easily performed in the fi eld, ecological and ethical aspects of live animal research are being taken into consideration.
Material and Methods

Acquisition of skin secretion and shedding
Chinese giant salamanders were reared in a simulated natural environment in the Giant Salamander Protection Center in Sangzhi County, Zhang Jiajie city, Hunan Province of China. Adult specimens (n = 2, one male and one female, 40 -50 cm long, and 1.5 − 2.0 kg in weight) were Skin Secretion and Shedding Is a Good Source for Non-Destructive Genetic Sampling in the Chinese Giant Salamander (Andrias davidianus) selected randomly and fed singly in two breeding pools. The shedding naturally falling off the skin was collected into a sterile tube (5 ml) and stored at -20 °C until use. The skin secretion was collected from the same animal as follows: When the animal was caught, the dermal musculature was stimulated electrically by means of a bipolar electrode of 21 G platinum attached to a Palmer (Shanghai, China) Student Model electrical stimulator. The electrode was rubbed gently in a circular manner on the particular gland of interest on the animal, using 20 V and a pulse duration of 4 ms (Tyler et al., 1992) . After 1 − 2 min, the surface of the salamander's skin started to exude the secretion. The skin secretion was scraped off the skin with a spatula, transferred into a sterile tube (5 ml) and, after immediate addition of 95% ethanol, stored at −20 °C till use.
These techniques caused no harm to the animals. The necessary permits for the experiment were obtained from the China Agriculture Department of Aquatic Wild Animal and Plant Protection Service.
DNA amplifi cation and sequencing
Total genomic DNA for polymerase chain reaction (PCR) was extracted from 100-mg samples of the skin secretion and shedding, respectively, using a Chelex-based extraction method (Walsh et al., 1991) . The following primers for the amplifi cation of the 12S ribosomal RNA genes were designed and synthesized based on the complete mitochondrial genome sequence of the Chinese giant salamander (Zhang et al., 2003) (GenBank no. NC_004926): 12S-F, 5'-AA-GGAGCAGATATCAGGCACC-3', and 12S-R, 5'-GCGCGCTCCAGGACCGAATTA-3' (Shanghai Sunny Biology, Shanghai, China).
PCR amplifi cation was performed in a PTC-100 Peltier thermal cycler (Bio-Rad, Shanghai, China). The PCR cycling procedure was as follows: an initial denaturation step for 5 min at 94 °C was followed by 30 cycles consisting of denaturation for 30 s at 94 °C, primer annealing for 30 s at 63 °C for 12S gene, and extension for 5 min at 72 °C. The resulting PCR products were purifi ed by a gel extraction system-3 s Spin PCR product purifi cation kit (Shenergy Biocolor, Shanghai, China), and purifi ed PCR products were sequenced with an automatic sequencer ABI PRISM 3730 XL (Applied Biosystems, Foster City, CA, USA).
Results
Approximately 100 -300 ng of genomic DNA were present in 100 mg skin secretion, while 100 mg shedding contained approximately 700 -900 ng of genomic DNA. Agarose gel electrophoresis revealed that the DNA was of high integrity, and the OD 260/280 ratio was 1.8 ~ 1.9.
Samples 1 and 2 came from the female skin secretion and shedding, respectively, samples 3 and 4 came correspondingly from the male. The 12S fragments were amplified from the four genomic DNA samples by PCR, and the nucleotide sequences of a 706-bp segment of the 12S rRNA gene were determined by the PCR direct sequencing method (Fig. 1) . The liver sequence was taken from the complete mitochondrial DNA sequence determined by Zhang et al. (2003) from a liver sample of A. davidianus from Longsheng in Guangxi Province, China (GenBank no. NC_004926). Alignment of nucleotide sequences using the NCBI BLAST search revealed a very high degree of similarity between ribosomal RNAs. The sequences of the shedding and the skin secretion from an animal were identical. The differences in the sequences from the three individuals were 7, 5, and 4 bases, respectively (Fig. 2) . We compared three individuals from Longsheng, Guangxi Prov- DNA (GenBank no. NC_004926). Sample 1, female skin secretion; sample 2, female shedding; sample 3, male skin secretion; sample 4, male shedding.
ince, and Zhang Jiajie, Hunan Province, China; these are different giant salamander populations due to poor migration. Our samples came from the National Giant Salamander Protection Center in Zhang Jiajie, Hanzhong in Shanxi Province, and Shennongjia in Hubei Province, China, so there were differences in the sequence. We need to collect more samples to study the genetic diversity of the Chinese giant salamander populations.
Conclusions
The use of skin secretion and shedding as a source of DNA of the Chinese giant salamander has been proven to be an effi cient and effective methodology. These are the fi rst promising results of a genetic analysis of the Chinese giant salamander using a relatively simple, non-invasive, and low-cost technique. We were able to obtain highquality DNA and long sequences. This method will allow researchers to investigate population genetics and DNA fi ngerprinting by using the secretion or shedding as a "surrogate" tissue, thus increasing the knowledge of the Chinese giant salamander.
